Equilibrium studies of kinesin-nucleotide intermediates.
We have examined the energetics of the interactions of two kinesin constructs with nucleotide and microtubules to develop a structural model of kinesin-dependent motility. Dimerization of the constructs was found to reduce the maximum rate of the microtubule-activated kinesin ATPase 5-fold. Beryllium fluoride and aluminum fluoride also reduce this rate, and they increase the affinity of kinesin for microtubules. By contrast, inorganic phosphate reduces the affinity of a dimeric kinesin construct for microtubules. These findings are consistent with a model in which the kinesin head can assume one of two conformations, "strong" or "weak" binding, determined by the nature of the nucleotide that occupies the active site. Data for dimeric kinesin are consistent with a model in which kinesin.ATP binds to the microtubule in a strong state with positive cooperativity; hydrolysis of ATP to ADP+P(i) leads to dissociation of one of the attached heads and converts the second, attached head to a weak state; and dissociation of phosphate allows the second head to reattach. These results also argue that a large free energy change is associated with formation of kinesin.ADP.P(i) and that this step is the major pathway for dissociation of kinesin from the microtubule.